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Abstract
Coronavirus disease 2019 (COVID-19) has infected millions of people worldwide and emerged to be the biggest global health
threat claiming hundreds of thousands of lives at exponential rates. The severity of the disease increases with old age and
presence of underlying health conditions, such as cancer. Managing cancer patients under these circumstances is rather chal-
lenging, given their compromised immunity and the overwhelmed health care services by COVID-19 community transmission.
Thus, it is prudent to establish common guidelines for the monitoring and treatment of cancer patients. In this review, we
comprehensively investigate the various aspects of cancer care during the COVID-19 pandemic, discuss challenges faced while
treating cancer patients, and propose potential approaches to manage COVID-19 among this vulnerable population. We also
discuss molecular aberrations and genetic changes associated with cancer and their role in affecting the virus’ infectivity and
severity. Lastly, we shed light on therapeutic approaches that can encompass both diseases without compromising one over the
other.
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Introduction

Reports of a new acute respiratory illness caused by a new
strain of coronavirus, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), have appeared in late
December 2019 in Wuhan, China [1, 2]. The disease was
announced to be a global pandemic in March 2020 and
was termed COVID-19 by the World Health Organization
(WHO) [3]. SARS-CoV-2 has infected more than 33 million

individuals and caused nearly 1 million deaths worldwide by
the end of September 2020 [3]. COVID-19 manifests com-
monly with mild respiratory symptoms including cough and
shortness of breath, accompanied by a moderate to high fever.
However, the severity of this disease can widely range from
asymptomatic to pneumonitis requiring hospitalization and
oxygen support to respiratory dysfunction and multiple-
organ failure and ultimately death [1, 2].

Coronaviruses are enveloped single-stranded RNA viruses
that cause respiratory, enteric, hepatic, and neurological dis-
eases [4]. Of these species, four are prevalent and associated
with common cold symptoms in immunocompetent individ-
uals [5] and two strains originate from animals and have been
linked to severe acute respiratory syndrome outbreaks includ-
ing severe acute respiratory syndrome coronavirus (SARS-
CoV) in 2002 in Guangdong Province, China and Middle
East respiratory syndrome coronavirus (MERS-CoV) in
2012 in the Middle East [6, 7].

The unprecedented occurrence of the current coronavirus
pandemic is having a profound effect on entire communities
and not the least the oncology community. Cancer affects a
significant portion of the population globally and cancer pa-
tients are more susceptible to infections due to their systemic
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immunosuppressive state caused by the malignant tumor itself
and anticancer treatments [8, 9]. As a consequence, cancer
patients are predisposed to SARS-CoV-2 infection and are
more likely to have higher mortality than the general popula-
tion [10]. A study showed that cancer patients had double the
risk of SARS-CoV-2 infection compared with the general
population [11]. Overall, providing care to immunocompro-
mised cancer patients amidst this pandemic has proven to be
extremely challenging not just because of increased risk of
infection and mortality, but because of an increased need for
mechanical ventilation or ICU admission concomitant with
limited resources in outpatient settings, including administra-
tive staff and specialists [12, 13]. In this review, we aimed to
look at various aspects and consequences of the COVID-19
pandemic on cancer patients from a global standpoint, and to
discuss potential treatment options for this vulnerable
subgroup.

Response of Cancer Care Units to the Global
Pandemic of COVID-19

Preparedness and Management of Different Cancer
Types During the COVID-19 Pandemic

After the massive mobilization of health care resources to
control the COVID-19 pandemic and mitigate its repercus-
sions, it has become evident that many concerns were raised
regarding the provision and preparedness of cancer care
units. One of the most worrisome aspects has been the im-
pact that COVID-19 may have on cancer therapeutic strat-
egies and clinical pathways, knowing that the uncertainty,
unexpectedness, and prompt expansion are three crucial
characteristics of the pandemic. Although the European
Society of Medical Oncology’s (ESMO) recent guidelines
highlighted the primordial need to prioritize the treatment
of cancer patients that constitute a vulnerable population
[14], the global health care sector’s preparedness was a
major limitation. In one of the largest medical centers in
Spain, the oncology department witnessed a heavy decline
in its activity. As compared with the same period in 2019,
there was a decline of 23% in the number of outpatient’s
visits, 37% in new oncology referrals, and 43% in the num-
ber of patients enrolled in clinical trials. These numbers
underline a serious lack of preparedness that would worsen
the delay in diagnosis and treatment of cancer patients and
would ultimately result in deleterious survival [15]. It is true
that the unexpected personal protective equipment (PPE)
shortage crisis also reflected the deficiency in preparing
for and facing the pandemic. Some governmental agencies
in the US recommended using homemade PPE, but this
alone would neglect the fact that cancer patients undergoing
chemotherapy are probably one of the most vulnerable

subpopulations of COVID-19 patients [16]. In conclusion,
the optimal strategy to compensate for the lack of prepared-
ness should focus on raising efforts to establish an adequate
adaptation. The important transitional adaptations that were
employed in cancer care will be highlighted in the next
sections of this review.

As previously noted, a drastic adjustment in the manage-
ment of different cancer types was needed to overcome the
impact of the growing pandemic. Notable changes were ap-
plied in the management of both solid and hematological ma-
lignancies. When it comes to breast cancer, for instance,
ESMO classified treatment approaches as high-, medium-,
and low-priority based on the burden of the disease and the
clinical stability of the patient. The American College of
Surgeons (ACS) assessed health care institutions based on
the availability of resources and the load of COVID-19 pa-
tients. When it comes to screening, the American Society of
Breast Surgeons (ASBrS) and the American College of
Radiology (ACR) issued a joint statement in which they rec-
ommended postponing all imaging studies until the COVID-
19 period ends, as the exposure cost outweighs the benefit of
screening during this short period [17]. It is also important to
acknowledge that there is a rising call to standardize the man-
agement procedures amidst the danger of potentially exposing
vulnerable cancer patients to the virus. This explains the sub-
sequent increase in the usage of online telehealth modalities
[18].

For gastrointestinal malignancies, although there is mod-
erate evidence establishing that delayed resection of colo-
rectal cancer leads to a worse prognosis, it is uncertain
whether delaying pancreatic and gastric surgeries has the
same outcome. During the COVID-19 pandemic, a case-
by-case methodology should be employed to account for
the benefit of doing early resections that achieve curative
outcomes [19]. When it comes to head and neck neoplasms,
in under 2 weeks, 30 international radiation oncology ex-
perts were involved in a Delphi consensus process that
leads to the publication of a new international guideline that
deals with the radiotherapy of patients with head and neck
cancers during the COVID-19 period. The Head and Neck
International Group is currently developing an international
consensus guideline to further enhance the decision-making
ability of health care providers [20]. Notable efforts were
also demonstrated by a panel of international experts that
issued multiple recommendations concerning lung cancer
radiotherapy. Briefly, their recommendations mainly re-
volved around the following: intensive screening, making
use of hypofractionation, delaying post-operative radiation
therapy, and limiting exposure by avoiding twice-daily
treatments. They also recommended delaying prophylactic
cranial irradiation or delivering it simultaneously with ra-
diotherapy or radiochemotherapy for limited-stage small
cell lung cancer.
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COVID-19 Pandemic: a Tough Hit on the Vulnerable

The major shift in cancer management was indeed a crucial
step that was globally taken. However, one must admit that the
pandemic had an enormous impact on cancer patients despite
the multidisciplinary efforts that were assembled. With a 30-
day all-cause mortality that has been shown to be higher in
patients with neoplasms and COVID-19, the vulnerability of
this population of patients stands as a threatening element. In
fact, not only is this mortality associated with general risk
factors but it is also associated with risk factors that are only
present in patients who have cancer [21]. The fact that patients
with cancer and COVID-19 have worse clinical outcomes
than patients with COVID-19 alone has been heavily
discussed [22]. One has to remember that special care and
intensive coordination should be employed in middle- to
low-income countries where financial constraints further ac-
centuate the burden of cancer patients [23]. To note, many
published recommendations for the management of cancer
patients during the pandemic took into account the financial
burdens by carefully assessing the applicability in low- and
middle-income regions [24]. One example that demonstrates
the vulnerability of cancer patients is the detrimental repercus-
sions of having false negative nasopharyngeal swabs. One
may cautiously conclude that during the pandemic, cancer
patients with flu-like symptoms and pathognomonic radiolog-
ical findings should be treated as if they have COVID-19,
irrespective of their swab results [25]. Despite the tough hit
that cancer patients are enduring during the pandemic, the
battle is still ongoing. In one tertiary care in Italy—which is
considered one of the main virus hotspots in Europe and the
world—major cancer surgeries and transplantations were still
being prioritized and performed despite the heavy burden of
the pandemic [26]. Perhaps new approaches in cancer care
must be developed to keep the battle going: media campaigns,
evidence-based screening programs, prioritizing and antici-
pating cancer surgeries, and benchmarking cancer outcomes
are all potential key approaches that may be applied [27].

A Battle with the Unknown: a Call for Innovation

Undoubtedly, the pandemic exerted a heavy pressure on the
global health care sector by unexpectedly depleting its human
and medical resources. As paradoxical as it may sound, this
pressure may have benefited the medical field in a way. As a
matter of fact, dealing with an unknown opponent necessitated
using innovative approaches and modalities. Despite the glob-
al stellar efforts that were highlighted in this review, uncer-
tainty stood as a challenging opponent for humanity during
the pandemic. Until vaccination becomes the norm and more
efficient therapeutic strategies are employed, cancer patients
should be supplied with resources that help them in coping

with their heavy burden and in enhancing their cooperation
with their health care providers [28].

Clinical Effects of COVID-19 on Cancer
Patients

With the emergence of the SARS-CoV-2, it has become clear
that certain populations are particularly vulnerable to severe
infections and poor clinical outcomes, and cancer patients are
on the top of the list. This is due to the immunosuppressive
state caused by the malignancy and chemotherapy drugs [13].
In addition, cancer patients above 60 years old are particularly
susceptible to severe infections and high mortality rates com-
pared with their younger counterparts [11]. Even though re-
spiratory symptoms are the most common signs of infection,
the virus is capable of multiorgan damage since its receptor—
angiotensin-converting enzyme 2—is located in several or-
gans [29].

COVID-19 Testing in Cancer Patients

Reverse transcriptase polymerase chain reaction (RT-PCR) is
the standard diagnostic test used to detect SARS-CoV-2, and a
nasopharyngeal swab is the most common method used to
obtain an adequate sample [30]. Its main drawback, however,
is its high false negative rates, which undermines the true
number of affected individuals [31]. This, in turn, has
highlighted the need to repeat testing. In fact, a study on RT-
PCR testing for COVID-19 showed that the test might turn
positive after two consecutive negative results in up to 20% of
patients [32]. Serologic testing has been proposed as another
method to detect SARS-CoV-2. A recent analysis demonstrat-
ed that seroconversion occurred in 50% of patients 7 days after
infection, and in 100% of patients 14 days after infection [33].
These antibodies are detected even if the RT-PCR results were
negative. Nonetheless, it has not been encouraged to rely sole-
ly on serological testing to diagnose SARS-CoV-2 because
even though antibodies are detected in the serum, their gener-
ation, long-term immunity, and possible cross-reactivity with
other coronavirus strains are not yet properly understood [34].

Even though SARS-CoV-2 infection can cause an array of
symptoms, asymptomatic infections are not uncommon [35].
Standard testing in some areas are reserved for symptomatic
patients and people with possible exposure to COVID-19,
thus undermining the true number of SARS-CoV-2 carriers.
Since asymptomatic patients are capable of transmitting the
virus, this testing approach might fail to properly protect vul-
nerable populations such as cancer patients [34]. To minimize
infection rates in cancer patients, leading centers have encour-
aged testing for SARS-CoV-2 before initiating antineoplastic
treatments including systemic treatments, radiation therapies,
and surgeries [34].
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Clinical Characteristics and Chest CT Findings of
Cancer Patients with COVID-19

Zhang et al. conducted a multicenter retrospective study to
determine the clinical outcomes of cancer patients infected
with COVID-19 [36]. The study included 107 cancer patients
with various neoplasms infected with the novel coronavirus.
Almost half developed a severe infection after contracting
COVID-19. The common presenting signs of infection were
fever, cough, fatigue, and dyspnea, which are similar symp-
toms seen in non-immunocompromised patients. Thirty-seven
out of the total 107 patients were receiving treatments at the
time of their diagnosis. They were found to have a higher risk
of severe infection and mortality rate compared with those not
receiving current treatment. They were also more likely to
have abnormal laboratory tests such as lymphopenia and ele-
vated inflammatory markers (C-reactive protein and
procalcitonin), and they required mechanical ventilation more
often. A variety of other complications were reported, includ-
ing acute respiratory stress syndrome and heart failure [36]. In
addition, patients who received cancer treatment within
14 days of COVID-19 diagnosis were more likely to develop
severe events such as admission to the intensive care unit, use
of assisted mechanical ventilation or even death [37].

Even though anticancer treatments predispose cancer pa-
tients to severe SARS-CoV-2 infections, delaying treatment is
not always a valid option. Nagar et al. argued that patients
receiving radiotherapy should continue with their treatment
regimen despite the risk of SARS-CoV-2 infection [38].
Delaying adjuvant radiotherapy in breast cancer patients after
surgery was found to be associated with 50% chance of breast
cancer recurrence [39]. Similarly, head and neck cancer pa-
tients were found to have a lower overall survival rate when
the interval between surgery and radiotherapy was prolonged
[40]. Moreover, radiotherapy does not exploit hospital re-
sources such as hospital beds and ventilators and traditional
radiation schedules can be modified by replacing them with
shorter and hypofractionated sessions or administering fewer
sessions leading to less immunosuppression with similar clin-
ical outcomes [38].

Imaging is of particular importance in both diagnosis and
monitoring the progression of COVID-19 infection. Typical
findings include bilateral peripheral ground-glass opacities
(GGOs) with possible consolidation and vascular ectasia
[41]. Imaging, however, might not always be helpful in cancer
patients infected with COVID-19. For example, lung cancer
patients infected with SARS-CoV-2 may show GGOs and
consolidations, which cannot always be differentiated from
the primary lung tumor or other opportunistic infections
[42]. Imaging in patients with acute myeloid leukemia and
lymphomas infected with SARS-CoV-2 can also be inconclu-
sive. CT images may show interstitial and alveolar infiltra-
tions in addition to GGOs, findings also manifested in other

conditions that frequently occur in leukemic patients such as
acute respiratory stress syndrome and alveolar hemorrhage
[43]. Therefore, additional diagnostic tests such as RT-PCR
are needed in case COVID-19 infection is suspected in cancer
patients [42].

Cancer Screening in the COVID-19 Era

Cancer screening has been majorly affected during the pan-
demic. The governmental restrictions on commuting as well
as the need to control the spread of the virus have halted
screening procedures [44]. This approach, however, may have
long-term consequences.

Colorectal cancer (CRC) screening, for instance, usually
starts at the age of 50 for both men and women. Patients first
undergo a fecal occult blood test (FOBT); if the test is posi-
tive, then they are scheduled for a colonoscopy. The steps that
follow are dictated by the findings of the colonoscopy.
Screening for colorectal cancer has reduced the overall mor-
tality of CRC by detecting neoplasms at an early stage [45]. In
the case of a positive FOBT, the earlier the follow up with a
colonoscopy the better the clinical outcomes are. In fact, mul-
tiple studies have demonstrated that delaying a colonoscopy
after a positive FOBT can have unfavorable effects on the
overall survival and mortality risk of patients [46]. Since
FOBT is not being utilized during the epidemic, the cases of
undiagnosed CRCs will not only increase in the absence of
screening, but will also be detected at late stages [47]. This in
turn might cause a surge in the mortality rate of CRC patients
[48] and put a financial strain on health care systems, as ad-
vanced CRCs have higher costs than early-stage neoplasms
[49]. One way to overcome these limitations according to
Blanco et al. is to prioritize colonoscopy to high-risk patients
such as those with inflammatory bowel disease (IBD), a
strong family history of CRC, or documented positive
FOBT. Screening in asymptomatic patients or patients with
no immediate alarming symptoms on the other hand may be
delayed. The date of the last colonoscopy and relevant find-
ings are also important to note. This strategy could be effective
in ensuring that high-risk patients receive proper treatment as
early as possible [44].

Lung cancer screening was also affected by the COVID-19
pandemic. Low-dose chest CT is used for screening high-risk
patients, especially those with a smoking history. In case a
nodule is detected, its size and characteristics are noted. A
panel of twenty-four experts including pulmonologists, tho-
racic surgeons and thoracic radiologists proposed guidelines
to manage lung cancer screening during the pandemic. The
consensus is to delay non-urgent cases till after the pandemic,
while providing adequate care to urgent ones [50].
Interestingly, the panel recommended that treatment for stage
I non-small cell lung cancer can be delayed after careful as-
sessment of its characteristics including its size, growth rate,
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PET scan results, and patient’s preference. These recommen-
dations are general guidelines and should be considered in the
context of several factors including but not limited to SARS-
CoV-2 prevalence in the community, commuting guidelines
imposed by the government, the availability of resources, and
the overall burden of the COVID-19 pandemic.

Effect of COVID-19 on Cancer Clinical Trials

The SARS-CoV-2 pandemic has also had a detrimental effect
on cancer clinical trials, which are currently around 12,000
trials [51]. Resources including equipment and research staff
were reassigned to assist hospitals and institutions in manag-
ing the large influx of infected patients. Cancer clinical trials
and patient recruitment have been stopped, and research ef-
forts and funding were redirected to study SARS-CoV-2.
Conferences and staff training were also halted and post-
poned.Moreover, data collection and entry from ongoing clin-
ical trials were delayed [52]. The financial impact of the pan-
demic on clinical trials is also significant. It is estimated that
on average a phase III oncology clinical trial can cost up to 20
million USD [53]. Restarting a clinical trial after restrictions
are lifted can add to the overall cost and put additional strain
on previous clinical trials.

These restrictions will have long-term consequences on
cancer research. There will be a delay in the delivery of po-
tential drugs and therapies with promising clinical outcomes.
One example is the ASCOLT trial, which recruited over 1480
patients in 12 Asian countries to evaluate the role of Aspirin in
high-risk colorectal cancer patients. The rapid spread of
SARS-CoV-2 in these regions has caused patient recruitment
and trials to stop, and scheduled visits were canceled [54].

Role of Molecular Aberrations and Genetic
Changes Associated with Cancer in COVID-19

It has been reported that cancer predisposes individuals to
SARS-CoV-2 infection and poor prognosis due to the malig-
nant tumor itself, chemotherapy, and surgery. Coronavirus
infectivity depends on the binding of its viral spike (S) protein
to angiotensin-converting enzyme 2 (ACE2) receptor and its
priming by the type II transmembrane serine protease
(TMPRSS2) to allow fusion of viral and host cellular mem-
branes [29, 55]. ACE2 is a blood pressure regulator through
the renin-angiotensin-aldosterone system and is expressed in
the lungs, kidneys, prostate, and intestines, suggesting suscep-
tibility of these organs to SARS-CoV-2 infection. The viral
spike (S) protein of SARS-CoV-2 consists of two subunits: S1
and S2. The S1 subunit mediates viral infectivity by binding to
ACE2, and the S2 subunit mediates the membrane fusion
process [56]. Investigating the interaction of the S2 subunit
with other proteins that have role in cancer would provide an

insight into the mechanism and severity of COVID-19 in can-
cer patients. Singh et al. [57] showed that the S2 subunit of
SARS-CoV-2 strongly interacts with the well-known tumor
suppressor proteins, p53 and BRCA-1/2. These proteins reg-
ulate various downstream signaling pathways and are fre-
quently mutated in human cancer suggesting the need for fur-
ther research to understand COVID-19 effect in cancer pa-
tients [58].

Analyzing the expression of ACE2 in various tumor tissues
has been also used to evaluate the susceptibility of these pa-
tients to SARS-CoV-2 infection. Ahmadi et al. [59] showed
that ACE2 mRNA and protein levels were higher in colon
adenocarcinoma (COAD) patients than in the control group,
suggesting more susceptibility to COVID-19. This upregula-
tion was not correlated with patient survival outcomes.
Further assessment showed that the ACE2 gene promoter is
hypomethylated in COAD patients and the methylation status
is negatively correlated with ACE2 expression. On the other
hand, ACE2 gene expression positively correlated with infil-
tration level of immune cells including memory B cell, plasma
B cell, activated myeloid dendritic cell, and resting myeloid
dendritic cell in COAD patients [59]. SARS-CoV-2 infection
was shown to reduce ACE2 level post-infection [58], which
would bring poor prognosis for patients with colon cancer due
to altered immune cell infiltration level. In a landscape profil-
ing analysis on the expression level of ACE2 in pan-cancers,
Dai et al. [60] showed that ACE2 was significantly differen-
tially expressed in six types of cancer. It was elevated in breast
invasive carcinoma (BRCA) and liver hepatocellular carcino-
ma (LIHC) and downregulated in kidney chromophobe
(KICH), prostate adenocarcinoma (PRAD), thyroid carcino-
ma (THCA), and stomach adenocarcinoma (STAD) [60]. In
addition, Zhang et al. [61] demonstrated significantly elevated
ACE2 expression in 10 cancer types, including kidney renal
papillary cell carcinoma (KIRP), kidney renal clear cell carci-
noma (KIRC), COAD, pancreatic adenocarcinoma (PAAD),
STAD, esophageal carcinoma (ESCA), lung adenocarcinoma
(LUAD), lung squamous carcinoma (LUSC), cervical squa-
mous cell carcinoma and endocervical adenocarcinoma
(CESC), and adrenocortical carcinoma (ACC) [61].
Similarly, Chai et al. [62] performed a systematic analysis of
ACE2 RNA expression and DNA methylation across over 30
tumors. ACE2 was upregulated in COAD, KIRP, PAAD, rec-
tum adenocarcinoma (READ), STAD, and LUAD. This up-
regulation was associated with epigenetic modification of
ACE2 in these tumors, namely hypomethylation [62].
Another study by Cai et al. [63] reported increased expression
of ACE2 in ESCA, KIRP, LUAD, and uterine corpus endo-
metrial carcinoma (UCEC) and high TMPRSS2 levels in
KICH, PRAD, and uterine corpus endometrial carcinoma
(UCEC); hence, higher risk of COVID-19 infection especially
in UCEC patients co-expressing both ACE2 and TMPRSS2
receptors [63]. Collectively, decreased ACE2 expression was
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significantly associated with poor prognosis, whereas high
expression indicated favorable prognosis but higher suscepti-
bility to SARS-CoV-2. ACE2 was shown to inhibit breast
cancer angiogenesis through suppressing VEGFa/VEGFR2/
ERK pathway [64] and to reduce cell invasion and migration
and inhibit EMT in non-small cell lung cancer (NSCLC) cells
[65], which could explain its regulatory effect in
tumorigenesis.

Following the same approach, Katopodis et al. [66] ana-
lyzed the expression and DNA methylation of TMPRSS2 and
cathepsin L (CTSL), a host cell protease that facilitates S
protein cleavage. TMPRSS2 was overexpressed in CESC,
COAD, PRAD, READ, UCEC, and uterine carcinosarcoma.
CTSL was upregulated in lymphoid neoplasm diffuse large B
cell lymphoma, esophageal carcinoma, glioblastoma
multiforme, head and neck squamous cell carcinoma, lower
grade glioma, pancreatic adenocarcinoma, skin cutaneous
melanoma, stomach adenocarcinoma, and thymoma. This up-
regulation was associated with hypomethylation of both genes
[66].

TMPRSS2 gene expression is promoted through androgen
receptor and increases upon exposure to androgens [55]. The
androgen-regulated gene TMPRSS2 has been reported in the
pathophysiology of about 50% of prostate cancers when fused
with the oncogenic ETS transcription factor ERG where it has
been shown to attenuate androgen signaling through direct
inhibition of AR expression and downregulating AR signaling
at gene-specific loci [67]. Androgen deprivation therapy
(ADT) has been shown to significantly downregulate
TMPRSS2 in patients with TMPRSS2:ERG fusion expressing
prostate cancer thus possibly reducing infectivity and severity
of SARS-CoV-2 in these patients. These results might indicate
modulation of TMPRSS2 expression in human lungs by ADT
as a therapeutic strategy against COVID-19 [68, 69]. A study
by Montopoli et al. [70] supported this finding by showing
that prostate cancer patients receiving ADT had a significantly
lower risk of SARS-CoV-2 infection compared with patients
who did not receive ADT. In contrast, Koskinen et al. [71]
results did not support a role of ADT in decreasing the risk of
SARS-CoV-2 infection in men with prostate cancer via ADT-
mediated decrease in the expression of TMPRSS2. This dis-
crepancy was explained by methodological differences main-
ly the region of data acquisition. Further investigation of the
impact of ADT on TMPRSS2 and ACE2 is certainly needed
prior to clinical application.

Epithelial to mesenchymal transition (EMT) is a well-
characterized phenomenon co-opted by tumor cells to pro-
mote resistance and metastasis [72]. Stewart et al. [58] showed
that ACE2 expression is restricted to a population of highly
epithelial cells and infection of lung cancer models with
SARS-CoV-2 upregulates established EMT regulators, miR-
200 family—zinc finger E-box-binding homeobox 1 (ZEB1)
and TAM family receptor tyrosine kinase (AXL)—thereby

downregulating ACE2 post-infection. Their work suggested
a novel model for SARS-CoV-2 pathogenesis in which the
virus initially infects highly epithelial ACE2 expressing cells
in the aerodigestive and respiratory tracts followed by EMT-
like molecular changes shifting the infected cells toward an
increasingly mesenchymal state, which in turn results in the
loss of ACE2 expression, along with its acute respiratory dis-
tress syndrome-protective effect [58].

A major characteristic of patients with severe COVID-19
infection is the inflammatory immune response that potenti-
ates a cytokine storm involving the upregulation of tumor
necrosis factor-α (TNFα), interleukin 1β (IL-1β), IL-6,
monocyte chemoattractant protein-1 (MCP-1), and macro-
phage inflammatory proteins 1-α (MIP1α). These inflamma-
tory reactions contribute to multiorgan dysfunction, tissue
damage and may promote tumor progression [68]. The IL-
17 cytokine is generated in the lung in reaction to viral infec-
tion. Viral persistence leads to augmentation of IL-17 and
provokes acute distress respiratory syndrome (ARDS), just
as it occurs in SARS-CoV-2 infection. The role of IL-17 is
well known in lung cancer, where it has been associated with
increased angiogenesis and poor prognoses. Blocking IL-17
could be theoretically advantageous in subjects with SARS-
CoV-2 infection [73].

It is likely that cancer patients have a different susceptibil-
ity to SARS-CoV-2 infection, a different course, and a differ-
ent prognosis. This highlights the value of protective actions
for cancer patients during the COVID-19 pandemic era. Close
attention should be paid to treating cancer patients with
COVID-19 infection due to the inherent immune resistance
in the tumor microenvironment, which makes it difficult to
clear the SARS-CoV-2 virus from infected tumor cells.

Anticancer Therapeutic Approaches
in the Treatment of COVID-19

The similarities encountered in the interactions of the human
body with cancer cells and virally infected cells have led to
many propositions regarding treatment of viral infections with
standard cancer therapies such as chemotherapy, radiotherapy,
and immunotherapy. In this section of our review, we will
shed light on the potential of anticancer therapies on
COVID-19 management.

Immunotherapy: Interaction Between Cancer and
Viral Therapy/ Radiotherapy for Viral Infection

Immune checkpoint inhibitors (ICPIs) have been revolution-
ary therapeutic options for many types of cancer, such as non-
small cell lung cancer, melanoma, Hodgkin’s lymphoma, and
renal cell carcinoma. ICPIs are antibodies that interrupt inhib-
itory cell surface receptor interactions between the tumor cells
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and cytotoxic T cells, restoring intrinsic antitumor effects and
leading to more effective immune mediated cytotoxicity.
ICPIs fall under the category of immunotherapy, which in-
vo lves an t ibod ie s tha t t a rge t PD-1 on T ce l l s
(Pembrolizumab, Nivolumab), PD-L1/2 on tumor cells
(Atezolizumab), and CTLA-4 on T cells (Ipilimumab).

In the light of the COVID-19 pandemic, many studies are
being conducted to investigate the effect of ICPI therapy in
cancer patients with increased risk for SARS-CoV-2 infection.
In a recent review by Gambichler et al., it has been hypothe-
sized that the use of ICPIs in viral infections should not play a
harmful role given the observed similarities in immune ex-
haustion between malignancies and viral infections [74].
Using flow cytometry, it was shown that patients with severe
manifestations of SARS-CoV-2 infection had much higher
expression of PD-1 on T cells compared with healthy patients
[74], indicating that T cell exhaustion plays a significant role
in COVID-19, similar to other viral infections. Based on this
observation, Chiappelli et al., entertained the possibility of
using ICPIs to mitigate T cell exhaustion and thus reestablish
T cell mediated cytotoxicity; however, this may only work in
the early and middle stages of SARS-CoV-2 infections, be-
cause as the infection progresses PD-1 expression increases to
a point where T cell exhaustion becomes irreversible and re-
fractory to ICPIs [75]. Nivolumab, a PD-1 inhibitor, is being
tested in a phase II randomized trial for safety and efficacy
when compared with standard of care therapy for COVID-19
patients hospitalized in the ICU (NCT04343144). Moreover,
viral clearance is being studied alongside safety and efficacy
in adults with SARS-CoV-2 infection receiving nivolumab in
an open-label, controlled, single-center pilot study
(NCT04356508). According to a study by Luo et al. (2020),
patients who are already receiving PD-1 inhibition ICPIs for
malignancies and become infected with SARS-CoV-2 can
safely continue their regimen with no increase in severity of
the COVID-19 disease [76].

CIP poses several concerns when it comes to patients at
risk of SARS-CoV-2 infection. First, the difficulty in differ-
entiating CIP from newly acquired SARS-CoV-2 infection.
CIP and COVID-19 infection may have very similar
radiographical and clinical presentations; however, the medi-
cal management differs significantly. Second, treatment of
CIP requires a combination of immunosuppressants including
corticosteroids and immune modulators (anti-TNF-α, anti-IL-
6), which may carry an increased risk of acquiring new viral
infections or reactivation/dissemination of latent viral infec-
tions. To elaborate, patients with severe COVID-19 infections
have been found to be in a hyperinflammatory state, described
as the “cytokine storm,” which has been associated with
poorer outcomes and higher mortality rates, according to a
review article by Calabresse et al. [77]. Anti-IL-6 treatment
(Tocilizumab) was shown to be successful in many patients
with severe COVID-19 infection in China, and many centers

in the United States have adopted off-label use of anti-IL-6
regimens in such patients [77]. A phase II clinical trial is
underway to compare anti-IL-6 treatment with standard med-
ical management of serious COVID-19 cases with threatening
respiratory failure (NCT04322773).

The effectiveness of immunotherapy in treating both can-
cer and viral infections does not end here. In a phase Ib open
label clinical trial, researchers studied an IL-15 super agonist
in combination with nivolumab for the treatment of metastatic
non-small cell lung cancer. The trial demonstrated that this
dual immunotherapy is safe to be administered on an outpa-
tient basis, and most importantly can re-invoke responses in
patients that have failed therapy with anti-PD1 immunothera-
py alone [78]. Additionally, IL-15 immunotherapy has been
proposed to be a viable treatment options for COVID-19 in-
fections because of its role in activating the innate and adap-
tive immune system to clear the viral infection. IL-15 pro-
motes the proliferation of NK cells, CD8+ T cells, and
Tregulatory cells, which in turn induce rapid viral clearance.
These immune cells also release IL-10 and INF- γ that help
counteract the Th2-mediated cytokine storm observed in
COVID-19 infections [79].

Radiotherapy for Viral Infection

On another note, pneumonia has been historically treated with
low-dose radiation therapy due to its antiinflammatory effects.
This is different from the moderate to high-dose radiation that
is used for cancer therapy. According to Mortazavi (2020),
given the current lack of effective antiviral therapy against
SARS-CoV-2 infection, low-dose radiation therapy is an ef-
fective management option for patients with moderate to se-
vere signs of infection. Merits of low-dose radiation therapy
include its antiinflammatory properties, combating cytokine
storm by inducing apoptosis of cytokine-producing inflamma-
tory cells, and preventing thromboembolic complications by
decreasing blood clotting. Low-dose radiotherapy may also
prevent the emergence of drug-resistant viral strains that are
encountered when ineffective antiviral drugs are used. A
phase II clinical trial is being conducted to assess the
antiinflammatory properties of low-dose radiation for patients
with SARS-CoV-2 infection with respiratory compromise.
More studies are needed to delineate the benefits and safety
profile of low-dose radiation therapy in treatment of inflam-
matory processes such as in COVID-19 disease [80].

In conclusion, an interface exists between anticancer ther-
apy and antiviral therapy specifically for COVID-19 disease.
This interface encompasses three major fronts: first, immuno-
therapy using immune checkpoint inhibitors, type III interfer-
on, and Galectin-3 inhibitors; second, cytokine blockade
using anti-IL-6 and anti-TNF-α; and third, radiation therapy
in differential doses. Based on the several risk factors men-
tioned, particular care should be given to cancer patients as
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they are at increased risk for SARS-CoV-2 infection and are
often receiving chemotherapeutic regimens that put them at
increased chances of adverse drug interactions should antiviral
drugs be used.

Conclusions and Future Directions

The COVID-19 pandemic is potentially the greatest public
health crisis in modern history. It has brought unprecedented
challenges to health care systems worldwide by causing im-
mense stress and pressure on the health care workforce.
Consequently, the outbreak is yielding great challenges on
cancer management that may have direct and remote effects
on patients and caregivers alike. During such a crisis, listing
ongoing issuesmay allow the oncology community to identify
solutions for proper management and treatment. The higher
vulnerability of patients with cancer to COVID-19 infection
and severe disease prompt the generation of a comprehensive
set of pragmatic approaches to manage these patients and an
in-depth review of potential treatment options that take into
account both diseases.
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